Background. Coffee leaf rust (CLR) caused by Hemileia vastatrix Berk. & Br, is one of the most threatening diseases for Coffea arabica L. It is hypothesized that host tolerance to CLR relies on nonrace-specific resistance genes.
1 Introduction 158 associated with treatment effects, we further analyzed the control (C) versus treatment effects (R, 159 T, or R+T). 160 161 Comparing treatments within cultivars 162 In order to effectively quantify each treatments effects (R, T, or R+T), the normalized values of 163 the genes within each cultivar were used to find differential gene expression by comparing each 164 genes expression to the control (C). A total of 2,043 unique DEGs were found to be significant 165 within the hybrid and inbred using a FDR and Bonferroni correction of p≤0.01 (Figure 2) . Among 166 the DEGs in the hybrid, the greatest amount was due to the rust control (R) or rust control and fruit 167 thinning (R + T) treatments. In the inbred there was a smaller number of DEGs overall with the 168 exception of fruit thinning (T), more genes were overexpressed in the control (C) treatment. 169 170 Gene ontology analysis 171 All DEGs from each cultivar and each treatment comparison were used to find enriched gene 172 ontology (GO) terms (Table S3 ). The comparison between the untreated control vs. rust control 173 fungicide (C vs. R) treatments for both cultivars was highly enriched, showing overall 20 GO terms 174 in the inbred and 35 GO terms in the hybrid. The inbred had a higher number of significantly 175 enriched GO terms in the control (C) treatment (Table S3 -#1), while nearly the opposite occurred 176 in the hybrid, which had a higher number of significantly enriched GO terms in the rust control 177 (R) treatment (Table S3 -#8). When examining the treatment of both rust control and fruit thinning 178 compared against the control treatment (C vs R+T) only the hybrid showed an enrichment in GO 179 terms (Table S3 -#11 and 12). 180 181 Candidate genes associated with phenotypic traits 182 The DEGs that were significant when comparing the no control versus rust control (C vs R) 183 treatments were used to find correlations to the quantitative phenotypic traits described in Table 1 . 184 A total of 906/2,043 annotated genes were found both differentially expressed and correlated to at 185 least one rust-related traits (i.e. rust incidence (RI), rust severity (RS), rust sporulation (RE)) (data 186 not shown). A total of 144 annotated genes, chosen by stepwise regression analysis, were also 187 enriched in a GO term classification (Table S4) . A total of 785 correlations were found between 188 DEGs and traits, but only 88 candidate genes were a) statistically significant (Bonferroni 189 correction and FDR <0.01), b) correlated to RI, RS, and RE, and c) significant in the stepwise 190 regression (Tables S5 and 6 ). 191 From the 88 DEGs associated with the traits, 24 candidate genes were found differentially 192 expressed in the inbred cultivar (Table S5 ). These 24 genes exhibited increased expression with 193 an increase of disease-related parameters (RI, RS, and RE). Figure 3 shows six candidate genes 194 regressed to rust sporulation (RE). The predicted functions of the DEGs found in the inbred were 195 related to oxidation and reduction process, transmembrane transportation, and protein regulation 196 in general. 197 In the case of the hybrid, candidate genes expression profiles correlated to phenotypic traits were 198 positive or negatively in the rust control treatment (control was correlated to RI, RS, and RE 236 Genes differentially expressed between treatment and cultivars 237 The number of DEGs obtained when comparing cultivars was higher due to treatment interactions 238 within the hybrid ( Figure 2) . When comparing the treatment effects (intended to reduce disease-239 related stresses) against the no-treatment negative control (C), a greater number of genes were 240 differentially expressed in the hybrid when treated with fungicide ( Figure 2 , R and R+T 241 treatments). The presence of a higher number of DEGs that increased expression under 242 management to reduce stress in the hybrid, suggests higher transcriptomic plasticity associated 243 with better homoeostasis as was noted by Bertrand et al. (2011) when they compared an 244 allopolyploid with its two diploids parents. Another reasonable explanation is that the fungicide 245 acted as an elicitor of biotic stress in the hybrid, as shown by (Monteiro et al. 2016 ) using phosphite 246 products. 247 Contrary to what was observed in the hybrid, the inbred had more DEGs in the treatment with 248 more stress (i.e. the control treatment). The presence of genes upregulated during stress in fewer 249 GO terms, suggests that homozygosity limits the efficiency of plant defense mechanisms which in 250 turn favors the physiological disorder of rust penetration and tissue invasion by the pathogen. As 251 expected from inbreeding, higher fixed and selected alleles by selfing were obtained across the 252 autogamous process, which in this cultivar is over eight generations (Menzel et al. 2015) . 253 We used the DEGs identified in the treatments to find enriched gene ontology (GO) terms. It was 254 possible to verify that the hybrid and inbred had different GO terms enriched between treatments. 255 In the case of the inbred, the overexpressed DEGs in the control treatment were related to an 256 increase of disease-related stress. The enriched GO terms were related to carbohydrate, 257 monoxygenase, and heme binding processes, associated with oxidative stress. This contrasts with 258 the hybrid where the enriched GO terms in rust control treatment were related to defense response 259 and apoptosis, which are associated with host-pathogen interactions (Kushalappa et al. 2016) , 260 suggesting a possible elicitor effect of the fungicide in this cultivar and/or less disorders caused by 261 the pathogen. 262 263 Candidate DEGs associated with traits 264 The disease parameters most related to CLR that were altered in the field were the rust incidence 265 (RI), rust severity (RS), and rust sporulation (RE) ( Table 1 ). The treatments comparing the 266 untreated control (no fungicide sprays) with the rust control (fungicide spray) treatments (C vs. 267 R), showed a higher number of significantly enriched GO terms in both cultivars. Considering that 268 the spray application reduced rust incidence, rust severity, and rust sporulation an average of 12%, 269 3%, and 27% respectively in both cultivars (Echeverria-Beirute et al. 2017), spray application 270 treatments were also useful to reveal variation in gene expression. 271 The overall transcriptome information and candidate gene analysis revealed two different types of 272 defense response. In the case of the inbred, the defense response was highly oriented into 273 carbohydrate metabolism and monooxygenase activity (Figure 2 Figure 3F ; Supporting information 5) increased with rust incidence (RI). These proteins are the 302 precursors for ethylene production (Moeder et al. 2002) . ROS (especially ozone) activates ethylene 303 production to induce ethylene-mediated cell death, suggesting a hypersensitive response (HR) is 304 initiated in the inbred-CLR interaction mediated by pathogenesis-related proteins (Guerra-305 Guimarães et al. 2009). 306 In the hybrid, however, one of the candidate genes exhibiting differential expression was the 307 disease resistance gene RGA2 between rust controlled and no controlled treatments ( Figure 4A ; 308 Supporting information 6). The function of RGA2 is related to signal perception and transduction 309 under a systemic acquired resistance (SAR) interaction. From our findings, the expression of 310 RGA2 increased with less rust incidence (RI) and rust sporulation (RE) in the hybrid. The same 311 pattern was exhibited by an ABC transporter C family member 1 gene (Supporting information 6), 312 which is involved in synthesis and transport of antimicrobial metabolites (Guzzo et al. 2009 ). The 313 arginine decarboxylase (Supporting information 6) involved in signal perception and transduction 314 was downregulated in the hybrid as well. The putative LRR receptor-like serine/threonine-protein 315 kinase FLS2 (similar to RGA2) was reported by (Florez et al. 2017) in coffee-CLR interaction, 316 which is also related to CLR recognition (Supporting information 6). Overall, these gene 395 describe how the tolerance is effective as a durable alternative of disease control, remains to be 396 elucidated.
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